Abstract: Many hypotheses have been proposed to explain the diversity of gall-midge insects (Diptera: Cecidomyiidae), some of them taking into account plant diversity. This study aims to test the importance of size, age and composition of host plant taxa in the diversity of Cecidomyiidae. For this we used inventories data on the diversity of galling and host plants in Brazil. We found that Asterales, Myrtales and Malpighiales, were the most important orders, with 34, 33 and 25, gall morphotypes, respectively. The most representative host families were Asteraceae (34 morphotypes), Myrtaceae (23) and Fabaceae (22). In general, the order size and the plant family were good predictors of the galling diversity, but not the taxon age. The most diverse host genera for gall-midges were Mikania, Eugenia and Styrax, with 15, 13 and nine galler species, respectively. The size of plant genera showed no significant relationship with the richness of Cecidomyiidae, contrary to the prediction of the plant taxon size hypothesis. The plant genera with the greatest diversity of galling insects are not necessarily those with the greatest number of species. These results indicate that some plant taxa have a high intrinsic richness of galling insects, suggesting that the plant species composition may be equally or more important for the diversity of gall-midges than the size or age of the host taxon. Rev. Biol. Trop. 59 (4): 1599-1607. Epub 2011 December 01.
Gall-midges of the family Cecidomyiidae (Diptera) are the most diverse group of galling insects (Gagné 1994 , 2004 , Carneiro et al. 2009 ). These insects are found in all zoogeographical regions and comprise about 5 400 species and 598 genera (Gagné 2004 ). In the Neotropical region about 170 genera are known, and just over 159 species and 75 genera are recorded in Brazil (Maia 2005) .
Forecasts indicate that the number of species of Cecidomyiidae might be about 85 000, representing 64% of the total diversity of galling insects in the world (Espírito-Santo & Fernandes 2007) . This can be attributed to adaptive radiation within the group to be largely opportunistic (Price 2005) , species within an insect genus can be found in many genera and families of host plants, as occurs in Dasineura Rondani, 1840 (Diptera: Cecidomyiidae) (Gagné 1989) . Although gall-midge species are highly specific (Carneiro et al. 2009 ), the genera do not seem to be, thus promoting the high richness within the group.
Many hypotheses have been proposed to explain the diversity of gall-inducing insects, providing explanations at the intra-specific, interspecific and community levels (Fleck & Fonseca 2007) . Some of these hypotheses take into account the possibility that plant diversity influences galling diversity both temporarly and spatially, for example, the plant taxon size hypothesis and plant taxon age hypothesis. The first hypothesis proposes that the most diverse host taxa have a greater galling richness, taking into account that each host species is a potential niche for insects (Mendonça 2007) . The second proposes that older host taxa should have more species of gallers, since greater evolutionary time leads to an increase in number of speciation events (Fernandes 1992) . Thus, one would expect a positive correlation between the number of species of gall-midges and size and age of the host taxon.
In a pioneer study, Veldtman & McGeoch (2003) proposed that plant community composition is a determining factor in the diversity of gall-inducing insects. According to them, some taxa, known as super-hosts, increase the diversity of galling insects regardless of their size or age. This issue becomes more important at lower taxonomic levels (eg., genera and species), whereas in higher taxa, the composition effect is dissipated by the high number of species. Thus, if composition is an important factor, one would expect no correlation, or a negative correlation, between the size of the plant genera, and the richness of gall-midge, thus contradicting the hypothesis of taxon size, which should be important in explaining diversity at higher taxonomic levels such as family and order. The aim of this study is to answer the following questions: 1) Is the richness of gall-midges proportional to plant taxon size? 2) Do older host taxa have a greater richness of Cecidomyiidae? and 3) Is taxa composition an important factor for the diversity of gall-midges?
MATERIAL AND METHODS
The database of gall-midges and their host plants was obtained from Carneiro et al. (2009) . In this paper, the author conducted a comprehensive review and listed all Brazilian species of gall-midges and their host plants registered in the literature. In addition, I used some data of Cecidomyiidae from a series of inventories of gall diversity in the state of Goiás (Araújo et al. 2007a , b, Santos et al. 2010 , totaling six families and 14 genera of host plants added. Gall-midges were separated by species or, if undetermined, by gall morphotype. Data on the size of plant order, families and genera were obtained from Judd et al. (2002) and Souza & Lorenzi (2008) . The age of the taxa was obtained from Wikström et al. (2001) . Multiple regression and linear regression analysis was used to correlate gall-midges richness to the size and age of botanical taxa in the software Statistica 7.0 (all data were submitted to normality tests and other assumptions). The analyses were done at the levels of order, family and genus of the host plants. Altogether 233 gall morphotypes were analyzed, belonging to 23 orders, 49 families and 102 genera of plants.
RESULTS
Asterales, Myrtales and Malpighiales were the most important orders of host plant of gall-midges in Brazil, with 34, 33 and 25 galls morphotypes, respectively. The most representative host families were Asteraceae (34 morphotypes), Myrtaceae (23) and Fabaceae (22) ( Table 1) . Gall-inducing insect richness was positively related with the size of the host plant order, in terms of number of species (r 2 =0.59, n=23, p<0.01, Fig. 1A ), but not with the age of the order (p=0.59). Size of the host plants accounted for 59% of gall-inducing insect richness variation. Gall-midge richness was also positively correlated with the size of the plant family (r 2 =0.48, n=49, p<0.001, Fig. 1B ).
However, the age of the plant families were not related to gall-midge richness (p=0.32, Fig. 2 ). Unlike what was observed for the size of plant order and family, a positive and linear relationship between the size of plant genera and gall-midge richness was not found (r 2 =0.002, n=102, p=0.60, Fig. 3 ). The size of plant genera ranged from four to 1 500 species (mean 218.9±271.9). The most diverse host genera for gall-midges were Mikania, Eugenia and Styrax, with 15, 13 and nine galler species, respectively (Table 2 ). These genera occupy only the 15th, 16th and 77th positions in genus size ranking. The three plant genera with the most species of plants were Psychotria, Solanum and Vernonia, but, these genera had only one species of gall-midge each (Table 2) .
DISCUSSION
The diversity patterns of gall-midges observed in this study are supported by previous investigation where the size of plant taxon was positively correlated with the richness of gall-inducing insects (Fernandes 1992 , Gonçalves-Alvim & Fernandes 2001 , Mendonça 2007 . As expected, the most diverse plant taxa in terms of number of species had a greater diversity of gall-midges. At the family level, in addition to the number of species, the number of genera was also a predictor of diversity of Cecidomyiidae.
The plant taxon size hypothesis has been tested mainly for the taxonomic level of family (also known as the plant family size hypothesis) (Fernandes 1992 ), while at the order level, the hypothesis has rarely been tested (for example, Mendonça 2007) . Gonçalves-Alvim & Fernandes (2001) found a positive relationship between family size and gall richness in the Cerrado of Southeast of Brazil, where Fabaceae was the most important family. Fabaceae is the most species rich family in the Brazilian Cerrado, peaking at 777 species (Mendonça et al. 1998) , and is also registered as the host family with the greatest number of Neotropical cecidomyiid galls (Gagné 1994 important in areas of the Cerrado in Goiás State in Midwestern Brazil, so that when the family was excluded from the analysis the positive relationship between family size and richness gall-inducing insects disappeared. In this study, Asteraceae was the host family with most species of Cecidomyiidae. This family is one of the most diverse not only in Brazil but also throughout the neotropics (Judd et al. 2002) , being recorded in Southern Brazil as the most important host family for gall inducers (Mendonça 2007) . According to Gagné (1994) this family is the second largest host family of gall-midges in the Neotropical region.
The plant taxon size hypothesis seems to be important in explaining the diversity of gallers at the level of host order and family. According to Mendonça (2007) , the process that leads to this pattern, is a result of plant taxa being natural groups with chemical, structural and ecological similarities. Gall-midges usually have univoltine cycles and are highly synchronized with their host plants (Araújo & Santos 2009 ), principally in temperate areas (Gagné 1989 , Yukawa 2000 . This synchrony could lead to speciation via host change being more common among plants within the same family, at least more often than between plants of different families (Mendonça 2001) . Thus, the greater the number of species within a taxon, the more likely they have synchronous development, involve the greater the chances of speciation and, consequently, the greater the diversity of gall-midges.
However, unlike taxon size, taxon age was not a good predictor of diversity of Cecidomyiidae. Older orders and families did not have a greater diversity of gall-midges. The age hypothesis suggests that geologically older taxa offer more opportunities for the host plant change of galling insects and thus accumulate a greater number of species over time (Fernandes 1992 , Mendonça 2007 . However, contrary to what the hypothesis predicts, some relatively young taxa, such as Asteraceae and Fabaceae, have a higher galling insect diversity than older host plant taxa (Fernandes 1992) . In fact, the adaptive opportunism of Cecidomyiidae can explain this (Price 2005) . There seems to be a remarkable capacity for host shifting across families and genera, resulting in a wide range of galled plants and adaptive radiation within some families/genera can then proceed (Price 2005) . As previously mentioned, the most diverse taxa have higher rates of speciation and synchrony (Price 2002) . This makes measures of plant diversity, local richness of host plants (Cuevas-Reyes et al. 2004) or taxon size (Araújo et al. unpublished results) , in terms of number of genera or species, better predictors of gall-midge diversity than taxon age. Composition also seems to be a relevant factor in explaining gall-midge diversity. The main largest host genera are not necessarily the most diverse in galling species (Araújo et al. unpublished results) . Results similar to those observed in this study were also obtained by Mendonça (2007) and Araújo et al. (unpublished results) , where the size of the host plant genus did not explain the richness of gallinducing insects. This repetition of patterns suggests that certain genera might be important hosts regardless of their species richness. Some plant genera and species have a high diversity of galls (Blanche & Westoby 1995 , Veldtman & McGeoch 2003 , for example, Baccharis (Fernandes et al. 1996) , Eucalyptus (Blanche & Westoby 1995) , Quercus (Oyama et al. 2006) and Solidago (Weis & Abrahamson 1986) . I believe factors like the development synchrony and the sympatric occurrence of species may be responsible for the appearance of these taxa, although the reasons why a genus or species is a super-host is still not clear. As noted earlier, the size of the genera does not necessarily match its ranking in terms of gall-midge diversity. In some cases, the relationship may be inversely proportional, where the genera with fewer species harbor the largest number of gall-inducing insects, thus confirming the hypothesis that some taxa positively affect the galling diversity and that plant composition is a determining factor in the richness of gall-midges.
All of these patterns observed for the size of the plant orders and families and flora composition, indicate the importance of plant community to galling diversity (Veldtman & McGeoch 2003) . However, there is a chance that these observations may be sampling artifacts, as argued by Fleck & Fonseca (2007) . According to them, the most diverse taxa are probably sampled more and super-hosts may be the result of an over-sampling. On the other hand, if this were true, major genera have a higher diversity of gall-midges and superhosts taxa would also be the most diverse in species number. Further studies are necessary to address these issues at local and regional scales. Moreover, these questions should be examined in other groups of galling insects. Apparently, the plant taxon size hypothesis as well as the plant composition hypothesis, are good predictors of gall-midges diversity. 
